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Abstract

The long memory, dynamic volatility, and weak singularity characteristics present modeling chal-
lenges for time series data in e-commerce scenarios. To address these challenges, this paper focuses
on the construction and application of the variable-index weakly singular Volterra integral. Based
on Volterra integral equations, a model for the variable-index weakly singular Volterra integral is
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developed. To tackle the numerical solution challenges posed by the weakly singular kernel and the
variable index, this paper introduces the Nystrém method using product integrals and piecewise
polynomial interpolation, proving the existence of a unique and convergent solution for the model.
To apply the constructed variable-index weakly singular Volterra integral model to e-commerce
sales forecasting and user behavior analysis, experimental datasets are created using multi-cate-
gory sales time series data and user behavior data from JD.com. The performance of the proposed
model is compared with that of the ARIMA model and the LSTM model, demonstrating the superi-
ority of the variable-index weakly singular Volterra integral model. The experimental results indi-
cate that when dealing with time series data in e-commerce characterized by long memory, the pre-
diction accuracy is higher than that of both the ARIMA and LSTM models, and the model also shows
the strongest adaptability to singular fluctuations caused by sudden factors. This research provides
new mathematical tools for modeling complex time series data in e-commerce scenarios, offering
significant practical value for e-commerce sales forecasting and user behavior analysis in core busi-
ness contexts.
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% 1. ARIMA 88, LSTM #ERFITIE 5= Volterra FAHERIEH B HEH) MAE. RMSE 1 MAPE Tl

e MAE RMSE MAPE (%)
ARIMA #i7H! 12.65 15.82 8.32
LSTM #AY 9.87 12.35 5.67
H BT 5+ Volterra F2 A5 8.37 10.02 4.63
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Table 2. Prediction of activity metrics using ARIMA model, LSTM model, and variable index weakly singular Volterra inte-
gral model, along with their MAE, RMSE, and MAPE

%% 2. ARIMA #RE!, LSTM 1EBIFITT 545557 5 Volterra TR HEBEIRE R MAE. RMSE 1 MAPE F
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ARIMA #i%! 0.086 0.105 7.25
LSTM #AY 0.062 0.078 4.89
ZH B 5+ Volterra F2 A7 0.051 0.064 3.92
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